The critical role of calpain versus caspase activation in excitotoxic injury induced by nitric oxide.
The pathogenesis of various acute and chronic neurodegenerative disorders has been linked to excitotoxic processes and excess generation of nitric oxide. We investigated the deleterious effects of calpain activation in nitric oxide-elicited neuronal apoptosis. In this model, nitric oxide triggers apoptosis of murine cerebellar granule cells by an excitotoxic mechanism requiring glutamate exocytosis and receptor-mediated intracellular calcium overload. Here, we found that calcium-dependent cysteine proteases, calpains, were activated early in apoptosis of cerebellar granule cells exposed to nitric oxide. Release of the proapoptogenic factors cytochrome c and apoptosis-inducing factor from mitochondria preceded neuronal death. However, caspases-3 was not activated. We observed that procaspase-9 was cleaved by calpains to proteolytically inactive fragments. Inhibition of calpains by different synthetic calpain inhibitors or by adenovirally mediated expression of the calpastatin inhibitory domain prevented mitochondrial release of cytochrome c and apoptosis-inducing factor, calpain-specific proteolysis and neuronal apoptosis. We conclude that (i) signal transduction pathways exist that prevent the entry of neurons into a caspase-dependent death after mitochondrial release of cytochrome c and (ii) that calpain activation links nitric oxide-triggered excitotoxic events with the execution of caspase-independent apoptosis in neurons.